Using computer methods for database search, multiple alignment, protein sequence motif analysis and secondary structure prediction, a putative new RNA-binding motif was identified. The novel motif is conserved in yeast omnipotent translation termination suppressor SUP1, the related DOM34 protein and its pseudogene homologue; three groups of eukaryotic and archaeal ribosomal proteins, namely L30e, L7Ae/S6e and S12e; an uncharacterized Bacillus subtilis protien related to the L7A/S6e group; and Escherichia coli ribosomal protein modification enzyme RimK. We hypothesize that a new type of RNA-binding domain may be utilized to deliver additional activities to the ribosome.
Mutations in at least five essential yeast genes result in the 'omnipotent suppressor phenotype', i.e. suppression of translation termination at all three stop codons (1) . SUP44 encodes ribosomal protein S4 (2) ; SUP46 encodes ribosomal protein S13 (ref. 3 ; synonyms Ysll and Yp28); and SUP35 encodes a protein containing a domain related to elongation factor EFla (4) . SUP1 (synonyms SAL4, SUP45, YBR11.20) gene product is associated with the 40S ribosome subunit and is thought to be involved in translation termination (5, 6) . Genes encoding highly conserved homologues of SUP1 have been identified in man, Xenopus laevis and Arabidopsis (7) (8) (9) . SUP1 proteins are distantly related to the product of yeast gene DOM34 (chromosome XTV) and its pseudogene homologue on chromosome HI (10, 11) . Alignment of the DOM34 and SUP1 sequences (11) scored 8.4 SD on a 237 amino acid residue overlap, which is indicative of a genuine relationship (12).
A non-redundant amino acid sequence database (National Center for Biotechnology Information, NTH) was searched for similarity to the SUP 1-related proteins using the BLAST program (13) . The output of the BLAST search was analyzed for mutually consistent alignments; multiple alignment blocks constructed from conserved segments of such alignments were converted to position-dependent matrices and used for further database search (R.L.Tatusov, S.F.Altschul and E.V.K., unpublished Figure 1 . Conserved motif in omnipotent suppressor gene products, three groups of ribosomal proteins and RimK. The alignment of the 32 residue protein segments was generated by database search with a position-dependent weight matrix as described in the text. Several highly conserved sequences of ribosomal proteins are omitted. The sequence of the human homologue of SUP1 (7) is not shown as it appeared to contain multiple frameshift errors in the region coding for the conserved motif. Distinct groups of proteins, namely the SUP1 family; the L30e family; the L7Ae/S6e family; the S12e family; and RimK, are separated by blank lines. In the L30e family, the conserved region includes the previously derived PROSITE signature (PS00709; ref.
20). In the consensus, O designates a hydrophobic residue (I,L,V,M,F,Y,W,C,A), U designates a bulky hydrophobic residue (I,L,V,M,F), Z designates a polar residue (K,R,D,E,S,T,N,Q,H), J designates a charged residue (K,R,D,E)
. The secondary structure is based on the information in all sequences in the multiple alignment (14) . h designates ahelix, b designates 0 strand, and 1 designates loop; no symbol is shown for positions where the prediction was uncertain. For each sequence, the distances from the protein ends are indicated by numbers. The sequences were from the current databases and are accompanied by their accession numbers in SwissProt, PIR (P) or GenBank (G). DOM34(m) is the pseudogene homologue of DOM34 encoded on chromosome ID (10, 11) . NHP2 is a nuclear protein related to the L7Ae/S6e family of ribosomal proteins (21) .
conserved counterpart to one of these motifs was identified in three groups of eukaryotic and archaeal ribosomal proteins, namely L30e, L7Ae/S6e and S12e; and in Escherichia coli protein RimK. We also found that an uncharacterized Bacillus * To whom correspondence should be addressed
Nucleic Acids Research, 1994 , Vol. 22, No. 11 2167 subtilis protein belongs to the L7Ae/S6e group (Fig. 1) . Only one glycine residue is strictly conserved in all these proteins, but several positions are occupied by physico-chemically related residues. The region shown in Fig. 1 was independently identified as the most conserved block in multiple alignments constructed separately for the SUP 1-related proteins and three groups of ribosomal proteins using the MACAW program (15) . The similarity between SUP1 and ribosomal proteins is evident from both a pairwise comparison and a motif search: the probability of the SUP1 homologue from Arabidopsis and archaeal S6 protein matching by chance is about 3.5xlO~3; and, a positiondependent matrix constructed from the ribosomal protein alignment selectively retrieved all the SUP 1-related sequences from the database (data not shown). These observations suggest that despite the scarcity of invariant amino acids, the alignment in Fig. 1 represents a conserved structural unit. Secondary structure prediction (14) suggested conservation of an a-helix and a /3-strand in SUP1 and the related proteins (Fig.  1) . In those ribosomat proteins whose three-dimensional structure has been resolved, the RNA-binding domain has a mixed a/j3 structure, with characteristic, conserved hydrophobic /3-strands (16) (17) (18) . The ribosomal association of SUP1 may be through RNA binding and the alignment in Fig. 1 may therefore represent a new type of RNA-binding motif that is shared by SUP1 proteins and several groups of ribosomal proteins. The structure and function of the distinct N-terminal domain of SUP1 that is not related to any known proteins remain to be determined. Another omnipotent suppressor gene product, SUP35 also has a twodomain organization (4) .
RimK is an enzyme that catalyzes addition of glutamic acid residues to the N-terminus of E.coli ribosomal protein S6 (19) . Our finding of a motif that is conserved between RimK and several groups of ribosome-associated proteins raises the intriguing possibility that RimK has to be specifically positioned on the ribosome through binding to rRNA, in order to modify S6.
These findings indicate that all known yeast omnipotent suppressor genes encode ribosomal proteins or ribosomeassociated factors and that a new type of RNA-binding domain may be used to deliver additional activities to the ribosome.
